Biogenic synthesis of silver nanoparticles from waste banana plant stems and their antibacterial activity against Escherichia coli and Staphylococcus Epidermis by Dang, H. et al.
 
                                                   International Journal of Research in Medical Sciences | September 2017 | Vol 5 | Issue 9    Page 3769 
International Journal of Research in Medical Sciences 
Dang H et al. Int J Res Med Sci. 2017 Sep;5(9):3769-3775 
www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012 
Original Research Article 
Biogenic synthesis of silver nanoparticles from waste banana plant 
stems and their antibacterial activity against Escherichia coli and 
Staphylococcus Epidermis 
















Throughout antiquity silver (Ag) was valued as a 
precious metal and accordingly was used in a variety of 
applications such as jewellery, decorations and currency. 
One of the earliest medicinal uses for Ag was recorded 
almost 2500 years ago when Herodotus described the 
king of Persia ordering the boiling of water prior to its 
storage in silver flagons before going to war.1,2 In 1869, 
Raulin reported the first modern antimicrobial based 
description for describing the effects of Ag against the 
growth of water based Aspergillus niger in Ag storage 
vessels.3 Recently, nanotechnology-base processes have 
been extensively used to manufacture noble metal 
nanoparticles for biomedical applications.4,5 In particular, 
Ag nanoparticles have attracted considerable interest due 
to their unique biological, electrical and optical 
properties.6-9  
Current medical research has shown that Ag 
nanoparticles are effective antibacterial agents and can be 
used to induce cell apoptosis in some forms of cancer.10-12 
The antimicrobial properties are believed to stem from 
the nanoparticles size, shape and surface chemistry that 
interact and damage cell membranes.13,14 Because of the 
toxicity towards microbes, future Ag nanoparticle-based 
pharmaceutical products are planned and some are 
currently under development.15,16 It is for this reason that 
many researchers are currently investigating new 
synthesis techniques for producing Ag nanoparticles with 
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ABSTRACT 
 
Background: This study for the first time presents an eco-friendly and room temperature procedure for biologically 
synthesizing silver (Ag) nanoparticles from waste banana plant stems.  
Methods: A simple and straightforward green chemistry based technique used waste banana plant stems to act as 
both reducing agent and capping agent to produce Ag nanoparticles, which were subsequently characterized. In 
addition, antibacterial studies were conducted using the Kirby-Bauer sensitivity method. 
Results: Advanced characterisation revealed the Ag nanoparticles had a variety of shapes including cubes, truncated 
triangular and hexagonal plates, and ranged in size from 70 nm up to 600 nm. The gram-negative bacteria Escherichia 
coli showed the maximum inhibition zone of 12 mm.  
Conclusions: The study has shown that waste banana plant stems can generate Ag nanoparticles with antibacterial 
activity against Escherichia coli and Staphylococcus epidermis.  
 
Keywords: Agricultural waste, Antibacterial, Biogenic synthesis, Silver nanoparticles 
 
DOI: http://dx.doi.org/10.18203/2320-6012.ijrms20173947 
Dang H et al. Int J Res Med Sci. 2017 Sep;5(9):3769-3775 
                                                   International Journal of Research in Medical Sciences | September 2017 | Vol 5 | Issue 9    Page 3770 
programmable parameters such as size, shape and surface 
chemistry.17 
Traditional physical and chemical processes used to 
manufacture metallic nanoparticles are not eco-friendly, 
since they use toxic chemicals and solvents during 
formation and subsequent nanoparticle stabilisation. 
Therefore, to avoid the disadvantages associated with 
traditional manufacturing processes new green chemistry-
based procedures using biological entities such as 
bacteria, fungi, yeast, and plant extracts are currently 
under investigation.18-21  
Among the alternatives, the use of plant extracts offers a 
straight-forward, clean and eco-friendly method of 
producing noble nanoparticles such as Au and Ag.22,23 
However, very little research has been done investigating 
the possible utilization of naturally occurring agricultural 
plant wastes for the biogenic synthesis of Ag 
nanoparticles. For example, banana plants are extensively 
cultivated around the world and can grow to heights of 
several metres. They are the biggest plants on earth 
without a woody stem, and their appearance resembles 
that of a tree with stem diameters reaching around 60 cm. 
At harvest, fruit bearing branches are removed and the 
remaining plants are cut down to produce very large 
quantities of waste.  
Australia for example produces around 340,000 tonnes of 
bananas each year generating a revenue of around AUS 
$550 million, but there is no data regarding the vast 
amount of plant waste tonnage produced by harvesting.24 
Thus, to better utilise plant wastage produced by the 
global banana industry, a small number of studies have 
investigated using the biomolecules present in banana 
fruit peel to generate Ag nanoparticles.25 However, to 
date there are no articles reporting the use of waste 
banana plant stems for the biogenic synthesis of Ag 
nanoparticles. 
The present study, for the first time uses extracts taken 
from banana plant stems to produce high value Ag 
nanoparticles with antimicrobial properties. The room 
temperature procedure begins by mixing a banana stem 
extract with an aqueous solution of AgNO3. During 
reduction, the colour of the reaction mixture became 
brown indicating the formation of Ag nanoparticles. The 
resulting Ag nanoparticles were subsequently 
characterised using UV-visible spectroscopy, X-ray 
diffraction analysis, energy dispersive spectrometer 
(EDS) analysis and scanning electron microscopy (SEM). 
Furthermore, the antibacterial properties of the Ag 
nanoparticles towards Escherichia coli and 
Staphylococcus Epidermis via the Kirby-Bauer sensitivity 
method.26  
METHODS 
The source of the Ag+ ions was silver nitrate [AgNO3, 
(99.99%)] and the capping agent used was sodium citrate 
[C6H5Na3O7, (99.99%)]. Both chemicals were supplied 
by Sigma-Aldrich (Castle Hill, NSW Australia). All 
aqueous solutions used in this study were made from 
Milli-Q® water produced by an Ultrapure Water System 
(D11931 Barnstead, 18.3 MΩ cm-1) supplied by Thermo 
scientific.  
The banana (Musa acuminate or commonly called 
Cavendish group) stems were randomly selected from a 
representative selection of plants. The stems were 
washed, diced and then a 1 g sample of the diced matter 
was added to glass beaker containing 100 mL of Milli-Q® 
water. The mixture was then heated at 75ºC for 1 hour 
before being allowed to slowly cool down to room 
temperature (22 ºC).  After cooling, the aqueous mixture 
was filtered using a 0.22 µm Millex® (33 mm Dia.) 
syringe filter. The filtered extract (BE) was then 
transferred to 250 mL Schott bottle for storage before 
being used in the synthesis procedure. 
Biogenic synthesis of Ag nanoparticles 
The procedure consisted of a two-step process. The first 
step consisted of adding a 1 mL aqueous solution of 0.1 
M AgNO3 to a glass vial containing a 1 mL aqueous 
solution of 0.1 M C6H5Na3O7. The solutions were mixed 
for 1 minute and then allowed to stand. The Ag 
nanoparticles formed during this step were used as a 
control in the antibacterial study. In the second step, a 1 
mL aqueous solution of 0.1 M AgNO3 was added to glass 
vials containing varying quantities of BE (1, 5, 10, 15, 
and 20 mL) designated as b1, b2, b3, b4 and b5 
respectively as seen in (Figure 1). After an initial mixing 
period 2 minutes, the reduction process could progress at 
room temperature (22˚C) Figure 1. 
Advanced characterization 
All samples were investigated using UV–visible 
spectroscopy, x-ray diffraction, energy dispersive 
spectroscopy (EDS) and scanning electron microscopy 
(SEM). The biogenic synthesis of Ag+ ions in the 
respective samples was monitored at room temperature 
using UV–visible spectroscopy (Varian Cary 50 series 
UV-Visible spectrophotometer V3) over a spectral range 
between 200 and 800 nm, with a spectral resolution a 1 
nm. XRD analysis was carried to identify the presence of 
metallic Ag in the respective samples using a Bruker D8 
series diffractometer using flat plane geometry over a 2 
second acquisition time.  
The diffractometer operated at 40 kV and 30 mA (Cu Kα 
= 1.5406 Å radiation source) and collected data over a 2θ 
range between 15° and 80° with an incremental step size 
of 0.04°. SEM images were produced by a JEOL JCM-
6000, NeoScopeTM microscope. The images were used 
to determine particle size and morphology. While the 
attached EDS spectrometer unit was used to detect the 
presence of Ag and identify other elements present in the 
samples.  
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Samples for imaging were first dried and then attached to 
holders using carbon adhesive tape prior to receiving a 2-
nm layer of gold up using a sputter coater (Cressington 
208HR) to prevent charge build up.  
Antibacterial activity of Ag nanoparticles 
Nanoparticle antibacterial activity was evaluated using 
the sensitivity method of Kirby-Bauer.26 Two bacterial 
strains (Escherichia coli; gram-negative and 
Staphylococcus Epidermis; gram-positive) were used in 
the antibacterial challenge. The sub-cultured bacteria 
were swabbed uniformly over a nutrient agar medium 
contained in a 90 mm diameter Petri dishes using a sterile 
cotton swab. Then 50 µL nanoparticle sample solutions 
were deposited on sterile disks (6 mm Whatman® AA 
2017-006) using a micropipette. The disks were air dry 
for 20 minutes before being placed on the respective 
bacteria treated agar plates using sterile forceps.  The 
plates were then incubated at 37 ºC for 48 h. After 
incubation, the zone of inhibition of the various samples 
were measured, compared and the antibacterial 
performance of each evaluated. 
RESULTS 
 
Figure 1: (a) Appearance of pure and mixture 
solutions; (b) solution ratios, and (c) Ag          
nanoparticles detected by laser light scattering. 
Visual inspection of samples revealed that a colour 
change occurred during in all reaction mixtures (b1 to b5) 
as seen in (Figure 1 a). The colour change was credited to 
the excitation of the surface plasmon resonance (SPR) of 
the forming Ag nanoparticles in the respective reaction 
mixtures. The nanoparticles were detected in the 
respective reaction mixtures by the scattering of laser 
light as seen in (Figure 1 c). UV-visible absorption 
spectroscopy was used to investigate the SPR of the 
various reaction mixtures. (Figure 2) presents 
representative UV-visible spectra for samples (b1), (b4) 
and (b5) along with their respective visual images 
showing their characteristic brownish-orange colour. The 
SPR occurred at 430 nm for the samples as seen in 
(Figure 2).  
 
Figure 2: UV-visible spectroscopy analysis of Ag 
nanoparticles synthesized from various ratios of 
banana stem extracts and corresponding           
reaction mixture COLORS. 
(Figure 3 a) presents a representative SEM image of Ag 
nanoparticles formed from a b2 (1:5) reaction mixture. In 
addition to spherical Ag nanoparticles are many cubes 
(red arrows) and triangular plates (yellow arrows) 
present. Spheres range in size from 70 nm up to 250 nm, 
cubes range in size from 80 nm up to 300 nm and 
triangular plates ranges in size from 80 nm up to 600 nm. 
Triangular plates are few compared to cubes, but tend to 
be larger. (Figure 3 b) presents an enlarged image of a 
single triangular Ag nanoparticle with a side length of 
600 nm. The XRD pattern presented in (Figure 3 c) 
reveals  
Bragg reflection peaks located at 37.7ᵒ, 45.0ᵒ, 65.0ᵒ and 
77.0ᵒ in the 2θ range between 10ᵒ to 80ᵒ. The peaks were 
indexed as (111), (200), (220) and (311) planes 
respectively and are consistent with a face centered cubic 
structure associated with the standard diffraction pattern 
of JCPDS No 89-3722 for Ag. The intensity of the peak 
corresponding to the (111) plane is slightly greater than 
other peaks in the patterns and suggests the plane is the 
predominant orientation. Also present in the pattern is a 
peak located at 32.0ᵒ, which corresponds to the (111) 
plane and was indexed as Ag2O.  
The strong elemental signal for Ag in the EDS analysis 
confirmed the presence of elemental Ag in the samples as 
seen in (Figure 3 d). Also in the representative analysis 
were peaks for Aluminum (from the SEM stub), silicon 
(from the mica substrate), carbon (from the carbon tape 
used to fix the samples) and gold used to coat the 
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samples. Also present was an oxygen peak, which is 
believed to be responsible for the Ag2O detected in the 
XRD studies. 
 
Figure 3: (a) Representative SEM image of 
synthesized Ag nanoparticles; (b) enlarged image of 
triangular particle; (c) XRD pattern showing the 
presence of crystalline Ag, and (d) EDS confirmation 
of metallic Ag present in samples.  
 
Figure 4: (a) A representative petri dish sample of 
sterile disk and banana extract sample (b1); (b) 
Escherichia coli being challenged by leaf extract 
mediated Ag nanoparticles, and (c) representative 
results for the antibacterial challenge. 
The antibacterial challenge found disks treated with pure 
banana extracts produced a null result. Thus, indicating 
the banana extracts had no antibacterial effect against 
Escherichia coli and Staphylococcus Epidermis. 
Chemically generated Ag nanoparticles (control) were 
challenged by both bacteria. The mean inhibition zone for 
Escherichia coli was estimated to be 13 mm, while the 
mean inhibition zone for Staphylococcus Epidermis was 
found to be 10 mm. Next, Ag nanoparticles generated and 
suspended in the banana extract (b1) were challenged by 
the bacterial strains. Escherichia coli recorded a mean 
inhibition zone of 12 mm and Staphylococcus Epidermis 
a mean value of 9 mm. A representative antibacterial test 
dish containing a disk treated with banana extract (b1) is 
presented in (Figure 4 a) and reveals a null result. While 
(Figure 4 b) shows a representative inhibition, zone 
produced by Ag nanoparticles contained within a banana 
extract (b1) against Escherichia coli. Results of the 
antibacterial challenge are graphically presented in 
(Figure 4 c) and indicate inhibition zones for Ag 
nanoparticles generated by a banana extract were smaller 
than chemically produced Ag nanoparticles.  
DISCUSSION 
UV-visible absorption spectroscopy was used to 
investigate the SPR of reaction mixtures with varying 
amounts of banana extract. Higher ratios of extract in the 
reaction mixture produced more pronounced single peaks 
as seen in (Figure 2) and increasing darkness of the 
brownish-orange mixture as seen in (Figure 1 a). 
Inspection of (Figure 2) revealed that the SPR occurred at 
430 nm for the representative samples. Mie’s theory 
predicts a single SPR band in the absorption spectra for 
spherical metal nanoparticles, while anisotropic particles 
would produce two or more SPR bands.27,28  
Thus, the UV-visible spectra indicate spherical Ag 
nanoparticles were initially formed. Similar results have 
been reported by other researchers for other plant extracts 
used for the biogenic synthesis of Ag nanoparticles. For 
example, Ahmad and Sharma have used Ananas comosus 
(Pineapple) extract to generate spherical Ag nanoparticles 
ranging in size from 5 to 35 nm.29 Similarly, Konwarha et 
al, have generated spherical-shaped Ag nanoparticles 
ranging in size from 3 to 12 nm using an extract taken 
from Citrus sinensis (Orange) peel.30 While 
Basavegowda et al, have used an extract taken from 
Citrus unshiu (Mandarin) peel to generate spherical Ag 
nanoparticles ranging in size from 5 to 20 nm.31  
However, the study did find that for periods greater than 
20 minutes particle morphology changed from spherical 
to cubical and triangular as seen in (Figures 3 a and b). 
The crystalline structure of the Ag nanoparticles was 
confirmed by XRD spectroscopy (Figure 3 c) and the 
presence of Ag in the samples was also confirmed by 
EDS analysis (Figure 3 d). Analysis of XRD data 
revealed the Ag nanoparticles had a face centred cubic 
structure (JCPDS No 89-3722) and is similar to the 
results of other researchers.32-34 Thus, characterisation 
studies confirmed banana plant stem extracts could be 
used to generate crystalline Ag nanoparticles.  
The antibacterial properties of the Ag nanoparticles were 
evaluated using the sensitivity method of Kirby-Bauer. 
Initially, untreated sterile pads were challenged by the 
respective cultured bacterial strains in Petri dishes. As 
expected, the test confirmed no antibacterial properties 
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were produced by the sterile disks and accordingly 
established a baseline for inhibition zone measurements. 
The next step evaluated disks treated with pure banana 
plant stem extracts, which subsequently produced a null 
result for both bacterial strains.  
A similar study by Ibrahim revealed banana peel extracts 
also produced no antibacterial properties towards several 
bacterial strains including Escherichia coli.35 Next, 
chemically synthesised Ag nanoparticles (control) were 
challenged by the bacterial strains. The inhibition zones 
were recorded (Escherichia coli; 13 mm, and 
Staphylococcus Epidermis; 14 mm), the measurements 
were then used as a comparison between the respective 
banana stem extracts. The control measurements were 
similar between the bacterial strains, with Staphylococcus 
Epidermis being slightly more susceptible to the control 
Ag nanoparticles as seen in (Figure 4 c). The respective 
bacterial strains were then challenged with biologically 
synthesised Ag nanoparticles. After the challenge, the 
inhibition zones were measured.  
Inspection of a representative set antibacterial challenges 
for the b1 sample revealed inhibition zones for all 
bacterial strains were smaller to the control Ag 
nanoparticles (Escherichia coli; 12 mm, and 
Staphylococcus Epidermis; 9 mm). This difference 
between inhibition zone sizes can be seen in (Figure 4 c) 
for the b1 sample. The size difference seen for 
Escherichia coli was 1 mm, while the difference for 
Staphylococcus Epidermis was 5 mm. The difference 
between chemically produced and biologically synthesis 
Ag nanoparticles has also been reported by Kokila et al, 
for banana peel extract.36 
The present study revealed Escherichia coli (gram-
negative) displayed a larger inhibition zone compared 
with Staphylococcus Epidermis (gram-positive). The 
most likely cause for this difference is due to the 
variation in cell wall composition of the two-gram types. 
Gram-positive bacteria have a rigid cell wall structure, 
which is composed of a thick peptidoglycan layer 
composed of linear polysaccharide chains. These chains 
are cross linked by short peptides. Thus, making it 
difficult for Ag nanoparticles to penetrate the cell wall. 
While the much thinner peptidoglycan layer of gram-
negative bacteria offers less resistance to Ag 
nanoparticles penetrating the cell wall.37  
Studies have suggested that there are three main 
mechanisms that underlie the antibacterial properties of 
Ag nanoparticles: 1) Ag nanoparticles attach to 
negatively charges cell wall, change the walls 
physiochemical properties and disrupt cell functions such 
as permeability, respiration and osmoregulation; 2) 
permeating Ag nanoparticles interact and disrupt DNA, 
proteins and other cell constituents, and 3) Ag 
nanoparticles act as reservoirs for the release of Ag+ ions 
(bactericidal agent) that enhances the antibacterial 
effect.38-45 Differences in the size of the inhibition zones 
of control and biologically synthesised Ag nanoparticles 
is believed to result from residual biomolecules coating 
the nanoparticle surface.  
The surface coating or corona appears to moderate the 
antibacterial properties and reduce the effectiveness of 
the biologically synthesised Ag nanoparticles.46 In 
addition, nanoparticle sizes can also be smaller than 
assessed, since the measured size also includes 
biomolecules covering the core Ag nanoparticle.47 Thus, 
some degree of caution needs to be taken when 
comparing sizes and chemical reactivity of nanoparticles 
produced by traditional chemical techniques and those 
produced by biological synthesis.48.  
CONCLUSION 
The present work banana plant stems, an agricultural 
waste material, was used for the biogenic synthesis of 
high value Ag nanoparticles. The study has shown that a 
natural, renewable and low-cost waste material can be 
effectively used as a biological reducing agent. The room 
temperature approach is cost-effective, non-toxic, and an 
eco-friendly alternative to traditional physical and 
chemical manufacturing processes.  
The Ag nanoparticles produced by this green approach 
were characterized and found to be stable and crystalline. 
They had a face centered cubic structure, had three 
shapes and ranged in size from 70 nm up to 600 nm. 
Spheres were between 70 nm and 250 nm, cubes were 
between 80 nm and 300 nm and triangular plates were 
between 80 nm and 600 nm. The Ag nanoparticles 
displayed good antibacterial activity against Escherichia 
coli and Staphylococcus Epidermis, with Escherichia coli 
(gram-negative) being the most susceptible with an 
inhibition zone of 12 mm. However, further studies are 
needed to investigate the influence of residual 
biomolecules deposited on the Ag nanoparticles during 
biological synthesis on bacterial strains. 
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